ABSTRACT. The basic problem is to determine the geometry of an arbitrary multiply connected bounded region inR together with the mixed boundary conditions, from the complete knowledge of the eigenvalues {'}'-1 for the Laplace operator, using the asymptotic expansion of the spectral function 0(t) exp(-t) ast --0.
INTRODUCTION.
The underlying problem is to deduce the precise shape of a membrane from the complete knowledge of the eigenvalues {j}'. for the Laplace operator A2-i-i( .)2 in the xx2-plane. (1.
3)
The problem of determining the geometry of f2 has been investigated by Pleijel ], Kac [2] , McKean and Singer [3] , Stewartson and Waechter [4] , Smith [5] , Sleeman and Zayed [6, 7] , Gottlieb [8] , Greiner [9] , Zayed [10] [11] [12] [13] and the references given there, using the asymptotic expansion of the trace function O(t)-tr[exp(-tA2)]= , exp(-tX,) as t--0.
(1. 4) It has been shown that, in With reference to formulae (1.4), (1.5) and to articles [6] , [11] , [12] in ,, (3.9) together with the mixed boundary conditions (1.8) or (1.9).
The asymptotic expansion of K(t) for small positive t, may then be deduced directly from the asymptotic expansion of (s) for large positive s, where -(sz, ff(x_,x_;sm)dx_. It is well known [6] that the membrane equation (3.9) 
On applying the iteration method (see [11 ] , [12] 
2_
when these points belong m large domains + 0fi except whenx x 0i, ,m. Thus, the E-function has a similar local expansion of the e-function (see [6] , [11] ).
By the help of section 8 in [11] , it is easily seen that formula (4. Thinking about nonlinearity in engineering areas, up to the 70s, was focused on intentionally built nonlinear parts in order to improve the operational characteristics of a device or system. Keying, saturation, hysteretic phenomena, and dead zones were added to existing devices increasing their behavior diversity and precision. In this context, an intrinsic nonlinearity was treated just as a linear approximation, around equilibrium points. Inspired on the rediscovering of the richness of nonlinear and chaotic phenomena, engineers started using analytical tools from "Qualitative Theory of Differential Equations," allowing more precise analysis and synthesis, in order to produce new vital products and services. Bifurcation theory, dynamical systems and chaos started to be part of the mandatory set of tools for design engineers.
This proposed special edition of the Mathematical Problems in Engineering aims to provide a picture of the importance of the bifurcation theory, relating it with nonlinear and chaotic dynamics for natural and engineered systems. Ideas of how this dynamics can be captured through precisely tailored real and numerical experiments and understanding by the combination of specific tools that associate dynamical system theory and geometric tools in a very clever, sophisticated, and at the same time simple and unique analytical environment are the subject of this issue, allowing new methods to design high-precision devices and equipment.
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